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A combined chromatographic and analytical system is described
for the specific determination of amino sugars.
An adaptation of the Elson-Morgan reaction has been
made using
the equipment of the Technicon AutoAnalyzer. The colorimetric
procedure is based partly on the work of Lewy and McAllan . The
Elson-Morgan reaction is a two-stage reaction which involves first
the reaction of the amino sugar with acetic anhydride or 2 ,4pentane-
dione and the formation of cyclic intermediates by heating in an al
kaline medium. In the second stage, the medium is acidifed and the
intermediates coupled with p_-dimethylaminobenzaldehyde to give a
colored product.
In the automated procedure developed, acetylation is performed
with an acetic acid - N,N-dimethylacetamide reagent and the cycliza-
tion is accomplished at elevated temperatures in a basic borate solu
tion. The reaction mixture is then acidified by the addition of an
acetic acid - formic acid - HC1 - water reagent and the p-dimethyl-
aminobenzaldehyde is added in an alcoholic solution. All reagents
are stable for several weeks.
Two chromatographic systems have been developed for the separation
of amino sugars without modification of the chromatographic section
of the Technicon Amino Acid Analyzer. These systems have distinctly
different elution patterns. It is possible to carry out simultaneous
ninhydrin and Elson-Morgan analyses of the chromatographic effluents.
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A. Amino Sugars and Their Biological Role
Amino sugars are those compounds of the sugar series which
contain in their molecule an amino group, either free or substituted,
replacing any hydroxyl group except the hemiacetal hydroxyl group.
They are known to occur widely in nature. For a long time the 2-amino-
2-deoxy-hexoses, glucosamine (I), galactosamine (II), and mannosamine
(III), were the principal naturally occuring amino sugars known. With
H NH2 H NH2 H H
i n nr
the development of more specific and sensitive analytical techniques,
better fractionation and characterization methods, and an increased
awareness on the part of numerous investigators that amino sugars might
be present, several new ones have been identified from a wide variety
of sources. These include a number of antibiotics, structural poly
saccharides, mucopolysaccharides, mucoproteins , glycolipids, lipopoly
saccharides, nucleotides, teichoic acids and bacterial capsular poly
saccharides. For reviews on these subjects and related work on the








Kent and Whitehouse , and others
Of the mono-amino hexoses in nature, the amino group has been
found in the 2, 3, 4, and 6 position. In addition, four diamino
sugars are known. A compilation of these naturally occurring amino
sugars appears in Table 1. The table has been adapted from those
56 53 55
prepared by Stanek, et al. , Salton , and Sharon .
Very little is known about the role that amino sugars may play
in a polysaccharide structure or the advantages they may confer upon
molecules containing them. The solutions of mucopolysaccharides,
mucins, and mucoids are highly viscous and suitable for lubrication,
cementing or adhesion of cell surfaces. The acidic polymers may
function as an ion exchange resin and play a role in the movement
and concentration of cations in cells. These latter properties are
probably due to the uronic acid and sulfate residues rather than the
amino sugars since they are generally N-acylated- In the case of the
antibiotics, the presence of suitably charged groups may confer special
biological properties. Amino sugars are found in a large variety of
polymers and macromolecules, in some they represent a major portion
of the molecule, but there is little beyond speculation as to what
53
special advantages they may confer on the organism .
B. Hydrolysis of Amino Sugar Containing Material
The first step in the determination of hexosamines is their
liberation from the molecule of which they are a part. When they
are part of a polysaccharide, this means the rupture of glycosidic
linkages which are the usual bonds by which the amino sugars are
bound to other monosaccharides.

3
Table 1. Amino Sugars from Natural Sources






( 2 -methylamino -2-deoxy-
L-glucose
Bacterial polysaccharides
Chitin of fungi and invertebrates























Gelatin of snail, Helix aspersa
Molting fluid of silk worm, Bombyx
morii (in free form)
Uridine pyrophosphate complexes from

















Amino Sugar Natural Source
D-Galacto samine Chondroitin sulfate
( 2 -amino-2-deoxy-D- Various proteins
galactose) Lipopolysaccharide of Bacillus
subtilis
Polysaccharides of bacteria
Cell walls of bacteria and
actinomycetes








Gelatin of Helix aspersa
Uridine diphosphate derivative of
invertebrates
Dahlia tubers, as UDP-derivaties
D-Manno samine Sialic acid
(2-amino-2-deoxy-D- Pneumococcus type XIX polysaccharide
manno se )
D-Talo samine Chondroitin sulfate from tracheal
(2-amino-2-deoxy-D-talose ) cartilage
Pneumo samine Polysaccharide of Pneumococcus






1 , 6-Anhydro-D-gulo samine Antibiotics!
Streptothricin
Streptolin B
D-Fuco samine Lipopolysaccharide of




L-Fuco samine Polysaccharide of Pneumococcus

































( 3~amino-3 , 6-dideoxy-D-
mannose)
























Spiramycins I, II, and III
Leucomycin
Rhodo samine
( 3-dimethylamino-2 , 3 , 6-
trideoxy-L-lyxo-hexo se )
' Antibiotics:
Rhodomycin A and B
i y-Rhodomycins





Amino Sugar Natural Source
Desoamine
































Spiramycins I, II and III
6-Amino sugars



































acid in Escherichia coli
Nucleotide-lmked peptides from
E_, coli
Digestive glands of squid, Loligo
pealii, and of lobster, Homarus





In general, the amino sugar glycosides are very resistant to
acid hydrolysis, with the frequent formation of stable disaccharides,
particularly if the amino group at position 2 is unsubstituted .
The charge introduced into the hexose by the unsubstituted amino
group is believed to exert a protective influence on the adjacent
glycosidic bond, impeding the approach of the catalytic hydroxonium
ions. In a polymer containing an N-derivative of a 2-amino-2-deoxy-
hexose, the rate at which the amino sugar is released depends on the
relative rates of hydrolysis of the Jtf-substituent and the glycosidic
bond. Substituents on the amino group that are easily removed by
acids make the release of the amino sugar by acid hydrolysis more
difficult. Heparin and hyaluronic acid are good examples of this point.
Hyaluronic acid, with its N-acetyl group is hydrolyzed faster than is
33
heparin which contains the more labile N-sulfate group
At this point there are no general directions that can be given
for the hydrolysis of polysaccharides containing amino sugars, as can
be done for proteins. The conditions for each new polysaccharide
must be determined empirically. Generally this is done by determining
hydrolysis curve:: for various concentrations of acid. The amount of
free hexo samine is plotted against time for each acid concentration.
The conditions found to give "complete hydrolysis" will vary according
to the method used to determine the extent of hydrolysis. If the
Elson-Morgan reaction is used to determine the conditions for maximal
release of amino sugars, a different answer will be found than if the




A case in point is the hydrolysis of corneal polysaccharide
2 4
noted by Gardell . Using 6 N HCl and hydrolyzing the material in a
boiling water bath, the maximum yield as determined with the Elson-
Morgan reaction was obtained in 8 hours. By chromatography and
analysis 5% of the material was found still unhydrolyzed. If the
hydrolysis was extended to 24 hours, only trace amounts of unhydro
lyzed material were left, but the total amount of Elson-Morgan reactive
substances decreased.
This loss of amino sugars in strong acid solution had been ob
is
served previously, Folkes, Grant and Jones found that when glucos
amine was autoclaved with 3 N HCl at 15 psi, about 20$ of the nitrogen
was split off as ammonia.
The content of hexosamines in polysaccharides quoted in the
literature is probably low and is the result of both incomplete
hydrolysis and the destruction of the amino sugars during hydrolysis.
C. Methods for Amino Sugar Analysis
The hydrolysis of an amino sugar-containing material usually re
sults in a mixture of sugars or a mixture of sugars, amino acids, and
peptides. The method chosen for the qualitative and quantitative de
termination of the ami.no sugars is to some extent determined by the
type, number, and amount of amino sugars present as well as the nature
of the other substances present. The hydrolysate may first be frac
tionated by ion exchange, paper, or thin layer chromatography, or
electrophoresis. Separation of galactosamine from glucosamine in a
mixture may be brought about enzymatically. Numerous reactions are
available for the determination of amino sugars, each with its own

10
specificity, sensitivity, and non-specific interference problems.
These include characterization as Schiff bases or N-2 ,4-dinitrophenyl
derivatives, the elimination of nitrogen as ammonia under alkaline
conditions, ultraviolet spectrophotometric measurements after treat
ment with sulfuric acid, oxidation by potassium ferricyanide or dye-
stuffs, iodometric determinations, ninhydrin reaction, and the reaction
a is
elaborated by Dische and Borenfreund and modified by Exley in
which the amino sugar is deaminated with nitrous acid and then treated
with HCl and indole.
Although the above reactions can all be used in particular
situations, the most widely used to estimate amino sugars are the
17 45
Elson-Morgan and the Morgan-Elson reactions for nonacylated and
acylated hexosamines, respectively. For a general review of these
reactions and of fractionation procedures the reader is referred to
15, 2 1, 23, 25, 3, 56
several articles .
D, Elson-Morgan Reaction
The Elson-Morgan reaction for the determination of hexosamines
was based on an observation by Muller that after warming in an
alkaline solution, the penta-acetyl derivative of glucosamine gave
a red color with Ehrlich' s reagent (n-dimethylaminobenzaldehyde, ethanol
64
and HCl), An attempt was made by Zuckerkandl and Messiner-Klebermass
to apply this reaction in a quantitative method for the determination
of glucosamine.
48
An additional observation made by Pauly and Ludwig led to the
reaction now known as the Elson-Morgan reaction. They noted that
2 ,4-pentanedione reacted with glucosamine in an alkaline medium

11
resulting in the formation of a material which gave a red colored
product when treated with Ehrlich' s reagent. The first practical
application of these observations for the quantitative determination
17
of glucosamine and galacto samine was described by Elson and Morgan .
The method, since the original description, has undergone several
modifications in an effort to increase its sensitivity and accuracy
and/or to increase its specificity. Many of the modifications have
been described because the results published by previous authors
could not be duplicated with the claimed accuracy, sensitivity, and
specificity. This is probably due to the complexity of the reaction
since the chemical transformations taking place have not been fully
worked out and are poorly understood? contradictory evidence being
reported in the literature.
The method of performing the Elson-Morgan reaction falls into
two main categories based on the reagents used. Numerous modifications
using parts of both categories have been described.
8
The first is illustrated by the method described by Blix . In
this case the amino sugar is reacted with 2,4-pentanedione in a basic
carbonate buffer at elevated temperatures. At the completion of this
reaction an Ehrlich' s reagent consisting of p_-dimethylaminobenzalde
hyde, ethanol and HCl is added and the color measured.
An example of the second category is the method described by
4 1
Lewy and McAllan . In this case the amino sugar is reacted with
acetic anhydride and heated in a basic borate buffer at elevated
temperatures. At the completion of this reaction an Ehrlich' s reagent
consisting of p_-dimethylaminobenzaldehyde , glacial acetic acid, and

12
HCl is added and the color measured.
E. Mechanism of the Morgan-Elson Reaction
The Elson-Morgan and Morgan-Elson reactions are used to estimate
nonacylated and acylated amino sugars, respectively Both are two-
stage reactions. In the Elson-Morgan reaction the first stage in
volves the reaction of the amino sugar with 2 ,4-pentanedione or acetic
anhydride and heating in a basic medium at elevated temperatures. The
second stage involves the formation, in an acidic medium, of the
colored product(s) by the coupling of an Ehrlich' s reagent and the
intermediates formed in the first stage of the reaction^ The Morgan-
45
Elson reaction incorporates the same stages as in the Elson-Morgan
reaction except that the reaction with 2 ,4-pentanedione or acetic
anhydride is not required. The chemical basis of these color reactions
is still a matter of some uncertainty.
In the Morgan-Elson reaction the chromogen(s) formed during the
alkaline treatment of N-acetylhexosamines have been described as
pyrrolines, oxazolines, or pyrazines.
Pyrroline formation by condensation of the C-l aldehydic group
with the acetyl group was originally suggested by Zuckerkandl and
64
Messiner-Klebermass to be responsible for chromogen formation.
The pyrrole derivative (IV) would be formed directly from N-acetyl-
glucosamine (V) by the loss of water. An objection to this theory is
that the N-acylgluco samine s which are incapable of cyclizing to form
the pyrroline nucleus due to the absence of an N-methylene grouping,
are able to form chromogens on treatmentwith alkali which give the
11, 4 4





' 0 ChU OH OH _
^c\ II I 3 I I /\
HC^ C=0 HC C=0 HC C-CH^ HC C-CH?
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HC NH HC NH C N C N
J x I I
(choh)3 (choh)3 (choh)3 (choh)3
ch2oh ch2oh ch^oh ch2oh
are the N-benzoyl, N-triraethylacetyl, and N-carbethoxy derivatives of
glucosamine.
45
Morgan and Elson suggested that the oxazole derivative (VII )
of N-acetylgluco samine (V) was the cyclic intermediate responsible
for color formation. The oxazole derivative (VII) could be derived
from the enolic form of N-acetylgluco samine (VI) by the loss of water,
since the alkalinity of the reaction conditions favors the enolization
of the N-acetyl derivative. This theory was supported by a finding
44
of Morgan that several N-acyl glucosamines including N-benzoyl,
and N-trimethylacetyl derivatives gave rise under alkaline conditions
to an intermediate that produced color when reacted with Ehrlich' s
61
reagent. Further support came from the work of White . He succeeded
in isolating and identifying, mainly on the basis of methylation stu
dies, 2-methyl-4:5-glucopyrano-l:2-oxazoline following the treatment
of N-acetylgluco samine with hot dilute alkali. It also had been known
that some oxazole preparations obtained by condensing amides with
9, 42
a-halogenoketones gave, without previous alkali treatment, a strong
color with Ehrlich' s reagent, apparently supporting this hypothesis.

14
It has now been shown that the positive color reaction given by the
oxazole preparations is due to the presence of an impurity. Cornforth
12
and Cornforth found that if the oxazole is purified by precipitation
as a complex with mercuric chloride, it fails to give a positive
color reaction.
44
Morgan pointed out that two molecules of an N-acylamino sugar
could condense by the action of alkali to form a diglucopyraz ine
58
structure (IX) similar to that proposed by Stolte , who claimed to
have obtained ditetrahydroxybutylpyrazine from glucosamine. N-acyl
amino sugars, by analogy, might be expected to form N,N-diacylgluco-





R-C-rH X P-C C
NH 0 H ^N
CH3C=0 CH5C=0
R=-(CH0H)3-CH20H
treated with alkali gave N,N-diacetyl and N,N-dibenzoylpyrazine,
respectively, rather than 2-methyl and 2-phenyl oxazoles appeared to
bear out the pyrazine theory since both gave characteristic colors
with Ehrlich' s reagent. Molecular weight determinations on the
chromogens and on a triacetyl derivative obtained from this chromogen
have, however, been considered to be evidence against the diglucopyr-
6 1 35
azine hypothesis . Kent notes, however, under the conditions used

15
for molecular weight determination, dissociation of the dimeric
product might occur.
Although the chromogens formed by the alkaline treatment of N-
acetylhexo samines in the Morgan-Elson test have been ascribed to be
pyrrolines, oxazolines, or pyrazines as mentioned above, no crystal
line derivatives were isolated and identified in the early works.
More recently evidence of still another type of derivative, believed
to be responsible for the color formation with Ehrlich' s reagent, has
been described and identified.
57
Stanley observed that at least two compounds were formed from
N-acetylgluco samine, after treatment with 0.1 N sodium carbonate at
100 C, which reacted with p_-dimethylaminobenzaldehydef Using better
3 9, 40
chromatographic techniques, Kuhn and Kruger have shown that at
least three chromogens are formed. Two of the products, Chromogens
I and II, correspond to anhydro-2-acetamido-2-deoxy-D-glucose deriva
tives, and Chromogen HI corresponds to a dianhydro derivative.
Chromogen I is the major product of alkaline treatment under the more
usual conditions (0.05 N sodium carbonate at 100 C). If the heating
of 2-acetamido-2-deoxy-D-glucose is continued either directly or in
a number of high-boiling solvents, Chromogen III is the chief product.
It appears that Chromogen I and the small amount of Chromogen II
formed by the initial heat treatment give Chromogen III by dehydra
tion on further heating. The alkali merely accelerates the reaction.
All three chromogens are optically active, and their infrared
absorption spectra indicate that they all possess an exocyclic -NH-C0-
linkage. This last observation rules out the possibility of a

16
pyrrolidine, oxazoline or pyrazine derivative. A crystalline, opti
cally inactive, Ehrlich-positive product identified as 3-acetamido-
furan (XV) was isolated after high-vacuum distillation of the
chromogen mixture,
Chromogen III was formulated as 3-acetamido-5-(l,2-dihydroxy-
ethyl)furan (XIV) and was found to be identical with the synthetically
prepared compound. With the exception of that at C-5>all asymmetric
centers of the hexo samine have been lost. It would be expected there
fore, that 2-acetamido-2-deoxy-D-galactose would give the same chromo
gen as 2-acetamido-2-deoxy-D- glucose. This has been shown experimen-
37
tally to be the case. Kuhn and Fischer have also obtained 3-acet-
amidofuran by heating N-acetyl-D-threo samine with pyridine. The struc
tures of Chromogens I and II have not been assigned with certainty,
but the structures XI and XII seem most probable, with XIII as a
further possibility.
The series of reactions involved in the formation of the chromo
gens responsible for the formation of a Morgan-Elson positive deriv
ative can then be formulated. The formation of the furan ring is
brought about by dehydration of an initially formed furanoid deriv
ative of the hexo samine (X) to form Chromogen I or II in the first
instance, followed by further lof- of another molecule of water to
give Chromogen III (XIV).
With the chromogen formation involving 2-acetamido-2-deoxy-D-
glucofuranose or 2-acetamido-2-deoxy-D-galactofuranose as intermedi
ates, the effect on color formation in the Morgan-Elson reaction of































The failure of alkali stable glycopyrano sides to give a characteristic
color in the Morgan-Elson reaction is understandable. The presence
of substituents at C-6 has little influence on chromogen formation
2
0, 3 2, 3 8 4
and such compounds as 2-acetamido-2,6-dideoxy-L-mannose
6 3
and 2-acetamido-2-deoxy-D-xylose also give characteristic colors.
An alkali-stable 4-0- substituent would also be expected to prevent
furanose formation. It has been observed that methylated derivatives
2
0, 32
of 2-acetamido-2-deoxy-D-glucose which contain a C-4 methoxy group
and certain 4-0- substituted 2-acetamido-2-deoxy-D-gluco oligosaccha-
38
rides respond weakly, if at all, to the Morgan-Elson test . The
nature of the N- substituent is not critical since positive color
reactions occur for N-benzoyl, N-formyl, N-(ethoxycarbonyl), N-tri-
methylacetyl, N-D-tolylsulfonyl, N-methyl, and N-isopropyl derivatives.
In addition, replacement of the acetamido group by a ureido or an
amino acid residue does not prevent chromogen formation. 3-Acetamido-
3-deoxy, 4-acetamido-4-deoxy, and 6-acetamido-6-deoxy hexoses do not
3 6
react *
3-0- substituted derivatives of 2-acetamido-2-deoxy sugars, in
contrast to the 4-0- substituted derivatives, react far more readily
3 6, 3 8
to give Chromogen I than does the parent N-acetylated hexosamine
'
.
The 3-0- substituent is eliminated in the reaction, giving high
32
colorimetric values . It is believed that the elimination of methanol
in the case of a 3-inethyl ether, acetic acid in a 3-acetate ester, or
a saccharide in a (1-^3)- linked oligosaccharide from the molecule
takes place more readily than water from the
unsubstituted 2-acetamido-
2-deoxy sugar. Comparison of the behavior




2-deoxy-3-O-(0-galactopyranosyl)-D-glucose on treatment with dilute
sodium carbonate solution offers a striking example of the influence
3 a
of a 3-0- substituent in promoting chromogen formation . The (1-^6)
linked disaccharide gives a D-galactopyranosyl derivative of Chromogen I
with 0.05 N sodium carbonate at 100 C for 3 to 4 minutes. The (1-^3)
disaccharide gives Chromogen I itself with the elimination of D-ga-
lactose in the presence of a trace amount of alkali after a few minutes
at room temperature.
F. Mechanism of the Elson-Morgan Reaction
In the case of the Elson-Morgan reaction, the color reaction used
to estimate non-acylated amino sugars, the nature of the chromogens
formed is much more uncertain.
In the Elson-Morgan reaction using acetic anhydride as the
acetylating reagent, the chromogens responsible for the color forma
tion may be identical to that of the Morgan-Elson reaction as described
above. Except for the molar extinction coefficients the spectrum of
the color produced for glucosamine using the Elson-Morgan procedure
50
of Reissig et al is identical to that produced for N-acetylgluco s-
i
amine in the Morgan-Elson procedure of Aminoff et al, . In addition
it has been found that Chromogen I is formed when 2-acetamido-l,3,4,6-
tetra-O-acetyl-2-deoxy-D-glucose is treated with cold, methanolic
barium methoxide.
The chromogens formed in the Elson-Morgan reaction which uses
2 ,4-pentanedione are believed to differ significantly from those of
the Morgan-Elson reaction. The final colors formed have different

^0
ultraviolet absorption maxima. In this reaction, the color produced
appears to depend on the conditions used to react the amino sugar with
the 2,4-pentanedione and also the conditions of treatment with the
54 47
Ehrlich s reagent . Under Nilsson' s conditions , maximal absorption
occurs at a wave length greater than 530 mu whereas under the condi-
7
tions of Belcher, et al, the maximal absorption is at 512 mu. This
shift in absorption maximum suggests that a different chromogen pre
dominates under each set of conditions.
54
Schloss was able to isolate one steam-volatile chromogen, two
chromogenic solids and had evidence for possibly a third chromogenic
solid after incubation of glucosamine with 2,4-pentanedione in a
28
sodium carbonate solution. Gottschalk found five spots by paper
chromatography that gave positive reactions with Ehrlich' s reagent
when he chromatographed a concentrated reaction mixture that resulted
from the alkaline 2,4-pentanedione treatment of glucosamine. These
five spots would not include the more volatile one noted by Schloss.
13
Cornforth and Firth have identified the steam-volatile chro-
54
mogen mentioned by Schloss as 2-methylpyrrole (XVIII). It was
found to be intensely chromogenic with an absorption maximum at 5^ ^V-
and accounted for somewhat more than two-thirds of the color produced
as read at 530 mu.
9H 9 <9H r~^\9?
;CHHi CH-C-O-h Hi CH-C-CH^ HC=
I I
3





A second chromogen, not volatile in steam, was isolated and found
13
to be 3-acetyl-2-methylpyrrole . It had less than 1% of the chromo
genic activity of 2-methylpyrrole with a maximum absorption at 570 mu
and was thus considered to be insignificant in the estimates of total
28
color production. This chromogen was the major one found by Gottschalk
Under different analytical conditions maximal absorption of the
colored complex occurs at 512 mu. It would appear that a different
chromogen, other than the two noted above, plays a significant role.
54
A chromogen absorbing at this wave length has been reported by Schloss
2
and Anastassiadis and Common . Excess 2,4-pentanedione inhibits the
formation of this chromogen, but its nature is unknown.
47
"Mer the Elson-Morgan conditions as described by Nilsson
where 2-methylpyrrole is the chromogen responsible for most of the
13
color formation, Cornforth and Firth have postulated a reaction
mechanism. The formation of 2-methylpyrrole involves the initial
49
formation of 3-acetyl-2-methyl-5-(tetrahydroxybutyl)pyrrole (XVI)
by the condensation of 2-amino-2-deoxy-D-glucose with 2,4-pentane
dione. This is followed by the loss of the 3 -acetyl group from an
intermediate (XVII ) to form the pyrrole-ring compound (XVIII), the
tetrahydroxybutyl group being lost at some stage by a reverse aldol
reaction.
Substitution at the hydroxyl group of C-4 or C-6 with a methyl
group has little effect on the behavior of 2-amino-2-deoxy-D-glucose
22
in the Elson-Morgan reacrion although a 6-phosphate substituent
3
causes a shift in the absorption maximum from 512 mu to 518 mu .
Substitution with 3-0-methyl group causes an increase in the color
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intensity and a shift in the absorption maximum to 503 mu .
The isolation and characterization of 2-methylpyrrole and
3-acetyl-2-methylpyrrole as chromogens in the Elson-Morgan reaction
which uses 2,4-pentanedione has explained some of the reactions in
volved, but it clearly does not contribute a complete account of the
situation.
G. Purpose of This Investigation
Current interest in the amino -sugar containing protein-hetero-
polysaccharides has made it evident that a good method of resolving
and analyzing these compounds is needed. Elson-Morgan analysis of
unchromatographed hydrolysates is less than desirable because of the
possibility of the presence of more than one reaction product and the
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interference by mixtures of certain neutral sugars and amino acids
Undesirable also is the use of the ninhydrin reaction in conjunction
with chromatography, since usually the protein-heteropolysaccharides
are hydrolyzed for maximal recovery of amino sugars under milder con
ditions than are required for complete hydrolysis of the protein. In
this case not only amino acids but residual peptides may interfere
with the analysis of amino sugars.
It was the purpose of this investigation to find and describe an
automated method of amino sugar analysis and chromatography employing
the relatively specific Elson-Morgan reaction and based on the
instrumentation of the Technicon Amino Acid Analyzer.
The combined automated chromatographic and analytical system
developed is capable of the rapid, accurate, and reproducible deter
mination of amino sugars at the level of a fraction of a umole,





Glucosamine (GlcN, 2-amino-2-deoxy-D-glucose) and mannosamine
(ManN, 2-amino-2-deoxy-D-mannose), A grade, and galacto samine (GalN,
2-amino-2-deoxy-D-galactose), C grade, were obtained from Calbiochem
as the hydrochlorides. Lyxosamine (LyxN, 2-amino-2-deoxy-D-lyxose)
was a gift of Dr0 M, L, Wolfrom. Glucosamine uronic acid (GlcNUA,
2-amino-2-deoxy-D-glucuronic acid) and galactosamine uronic acid
(GalNUA, 2-amino-2-deoxy-D-galacturonic acid) were provided by Dr. K.
Heyns. Talosamine (TalN, 2-amino-2-deoxy-D-talose) was a gift from
Dr. R, Kuhn and fuco samine (FucN, 2-amino-2-deoxy-D-fucose) was a
gift of Dr. No Sharon. Stock solutions of the above amino sugars
for chromatography were made up in 0.01 N HCl and stored in the cold.
The n-dimethylaminobenzaldehyde (pDMAB) was the purest grade
available from Matheson, Coleman and Bell (M.P, 73 - 75 C). Acetic
anhydride (AC2O) was a Fisher Certified Reagent and N,N-dimethylacet-
amide (DMA) was a Baker Analyzed Reagent. Ninhydrin and hydrindantin
were the best gr?de available from Pierce Chemical Co,
Brij 35 was obtained from Ruger Chemical Co. and made up by
dissolving 100 gm Brij 35 in 200 ml water with warming. If the solu
tion gelled after cooling to room temperature as some lots do,
sufficient water was added with rewarming to give a final product
that was a solution at room temperature.




B. Manual Elson-Morgan Methods
In the development of the automated method the proposed variation
in the method such as type, concentration, or proportion of reagent
or incubation temperature and time were first evaluated in a manual
Elson-Morgan method. The results were then used as a guide in the
automated procedure.
In the manual method all reactions were done in Pyrex test tubes,
16 x 150 mm, unless large scale incubations of the acetylation and
cyclizatipn stage, Stage I, were performed. In this case the reaction
was incubated in Erlenmeyer flasks whose volume was two to three times
the volume of the reaction mixture.
For Stage I all reagents were added to the individual tube with
the acetylating reagent added last, and mixed. Incubation was com
pleted in a boiling water bath with the tubes covered with polyethylene
caps.
After cooling the tubes in an ice bath, the reagents of the
second stage of the Elson-Morgan reaction were added with the Ehrlich' s
reagent last. The tubes were incubated in a water bath at the desired
temperature and vpon completion chilled in an ice bath.
The absorbance of the reaction mixture was then measured with a
Coleman Junior Spectrophotometer (Coleman Instruments Inc. , Model 6D)
in the reaction tubes which had previously been selected for their
colorimetric uniformity.
C. Technicon Amino Acid Analyzer
The Technicon Amino Acid Analyzer (Technicon Chromatography Corp6 ,
Chauncey, New York) can be thought of as having two distinct
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operations: chromatography and analysis e The chromatography section,
Figure 1? consists of a "block chamber autograd" or buffer reservoir
from which the eluting buffer is pumped at an empirically determined
rate by a Milton Roy Minipump and forced through the chromatographic
columno The pressure of the elating buffer is monitored by means of
a pressure gauge capable of measuring pressures up to 1000 psi. The
column is jacketed and its temperature held constant by means of a
Haake Circulator Series F heating bath. The effluent is debubbled
after leaving the column and drawn to the analytical section by the
sample tube or column effluent tube of the proportioning pump.
The analytical section consists of a peristaltic proportioning
pump which meters out the reagents and column effluent by "milking"
commercially available precalib rated tubing (Technicon Chromatography
Corporation). Up to fifteen solutions may be pumped at once. This
section also includes an oil bath and three colorimeters. The oil
bath is capable of holding two glass coils for incubation of the
reaction mixture at constant temperature. The colorimeters measure
absorbance at wave lengths determined by interference filters and for
light paths of approximately 15 or 8 mm, as determined by the flow
celle The output of the colorimeters is recorded on a three-channel
recorder0 The reagents are metered out by the proportioning pump,
combined, and segmented by the addition of a gas, mixed and heated.
At the completion of the reaction, the gas of the segmented reaction






















D. Automated Chromatography of Amino Sugars
The ion exchange resin used for all chromatography was Type A
Chromobeads (Technicon Chromatography Corporation) with a resin bed
measuring 6 mm by I30 cm. The column was jacketed at 60 C and the
eluting buffer pumped at a flow rate of 1.0 ml/min at pressures of
200 to 300 psi. The effluent stream was split for simultaneous
Elson-Morgan and ninhydrin analyses
Two chromatographic systems were studied, neither of which re
quired an eluting gradient as in amino acid analysis. System A (borate)
was 0,35 M H3B03 at pH 7,60, and had the following composition: 86,58
gm of boric acid, 40 ml of Brij 35 solution, and 0,20 ml of hexanoic
acid, added as a preservative. The reagents were made up to a little
less than 4000 ml and titrated with solid KOH to pH 7.60. The solution
was then allowed to come tc room temperature < diluted to 4000 ml and
the pH readjusted to 7,60 0.02, System B (phosphate), 0.0684 M
KH2PO4, (I = 0.2 M) pH 7o00, was made similarly with 48.12 gm KH2 P0^ ,
40 ml Brij 35 solution? and 0*20 ml of hexanoic acid, and was adjusted
to pH 7.00 0.02 with solid KOH to give a final volume of 4000 ml.
The sample, to be chromatographed were applied directly to the
top of the resin column In volumes of less than 1 ml and forced into
the column with nitrogen at 15 psi. This was followed by two 1-2
ml portions of eluting buffer. The chromatography and analyses wore
then started.
Between runs the column was washed for 45 minutes with 0.20 N
NaOH, then regenerated for at least one hour with the appropriate
buffer. In the case of the simple amino sugars, several samples
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could be analyzed in succession without washing and regenerating the
column,
E, Automated Elson-Morgan Analysis
Automation of the Elson-Morgan reaction required, in addition
to the above components of the amino acid analyzer, a second coil
(one-half length coil of 1.6 mm I.D. ) in the 95 bath, Heating Bath
I. A second oil bath, held at 37 C, Heating Bath II, was added for
the color development step with a one-half length coil of 1,6 mm I.D.
The colorimeter used to measure the Elson-Morgan color reaction had
a 15 mm flow cell, and a set of 58O mu interference filters, and was
provided with a range expander. The chart speed of the recorder was
set at four inches per hour.
The flow diagram for this system as finally developed is shown
in Figure 2, The glass connectors are shown with their Technicon
part number. The cooling coils and mixers are standard size and are
available from Technicono The pump tubings used and their connections
are shown. AF is Acidflex tubing, Ty is Tygon, and SF is Solvaflex.
The buffer pump tube is used to pump either 0,16 N NaOH or 0.80 M
H3B03, pH 8c90j, depending on the particular chromatographic buffer
being usedo The 0,16 N NaOH solution used with chromatographic System
A (borate) was made by appropriate dilution of Fisher Certified Reagent,
N/l NaOH concentrate0 The 0o8 M H3B03, pH 8,90 solution, used with
System B (phosphate),, was prepared by dissolving 197.9 gm boric acid
in a little less than 4000 ml water and titrating to pH 8.90 with
solid KOH, After the final dilution to 4000 ml the pH was readjusted
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Figure 2. The analytical section for the Elson-Morgan reaction
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The displacement bottle, simplified in Figure 2, contained the
acetylating reagent, 2$ (v/v) acetic anhydride in N,N-dimethylacet-
amide* As detailed in Figure 3 a stopcock at the base of the dis
placement bottle permitted the transfer of mercury between the chamber
and a reservoir that can be raised and lowered. A second stopcock
permitted the removal of accumulated air bubbles from the mercury
pump line. A polyethylene tube which carried the reagent from the
exit at the top of the displacement bottle to the Dl "h" was passed
through the capillary side arm of the "h" so that it delivered
directly into the flowing stream,
Ehrlich' s reagent was a 5$ w/v solution of p_-dimethylaminobenzal-
dehyde in 95$ ethanol. The initial solution may be lightly colored
and with time may become deeply colored depending on the sample of
reagent, but this change has little apparent effect on the color yield.
In the final procedure the acid mixture, "acids", had the follow
ing composition by volume: glacial acetic acid, 60; 88% formic acid,
40; concentrated hydrochloric acid, 9.5; and water, 10. The solution
should be shaken vigorously or allowed to stand a day or two to re
move dissolved gases. A small filter was inserted in the "acids"
line just before the mixing point in order to trap a fine precipitate
caused by the erosion of the Acidflex pump tube.
The construction of
the filter is shown in Figure 4, It was made from 6 mm I.D. glass
tubing. The porous Teflon disc is optional if care is
taken not to
break the glass wool fibers into small pieces.
The material for the
disc is 1/8 inch thick, grade 30-40, sintered Teflon and is ob
tained from Liquid Nitrogen Processing Corp., 451 Booth Street,
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Chester , Pennsylvania ,
The above description of reaction conditions and solutions is
for the final procedure. During development many of the parameters
were varied and these are described in the following text as they
apply. The pumping rates in the figures and text (except Figures 7
and 8) are the nominal pumping rates quoted by Technicon for the tubing
sizes used. Brij 35 solution, 1 ml per 100 ml of reagent, was in
cluded in all sample solutions in order to minimize surging in the
analytical system reaction lines and to simulate the composition of
the column effluents.
F. Automated Ninhydrin Analysis
The ninhydrin manifold basically was not changed from that
recommended by Technicon except that its sampling or column effluent
pump tube was reduced to 0.030 inch I.D., and only one colorimeter
(15 mm tubular flow cell, 570 mu) was used. The heating bath con
tained a full length coil with an inside diameter of 1.6 mm and was
held at 95 C. When simultaneous ninhydrin and Elson-Morgan analyses
were run, a delay coil was inserted in the sampling line to coordinate
the two color reactions. This consisted of y\ feet of polyethylene
tubing, with an inside diameter of 0.034 inches. The flow diagram
of the ninhydrin reaction is shown in Figure 5. The ninhydrin reagent
was made as recommended by Technicon except that the solvent was pre-
gassed with nitrogen. Appendix III describes a new apparatus
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Fieure The analvtical section for the ninhydrin reaction
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G. Calculation of the Plateau Height
In developing the Elson-Morgan analytical system samples of
glucosamine or galactosamine in known concentrations were introduced
directly into the analytical system without chromatography. Each
solution was introduced for a period (generally six to ten minutes)
long enough to give a peak or plateau of color that was constant. In
order to calculate the color yields obtained and to determine the
relationship between the amount of color produced and the concentration
of amino sugar sample, the plateau heights were calculated.
For the unexpanded range the recorder prints from 100 to 0 per
cent transmittance on paper calibrated from 0 to
oo optical density
units. Plateau heights may thus be calculated directly by subtracting
the height of the base line from the plateau height on the chart,
using the calibration directly on the chart paper. The difference
is the actual plateau height in optical density units.
For the expanded ranges a new scale had to be calculated because
of the lack of appropriately calibrated chart paper. For the two
fold expanded range the new optical density scale was calculated by
means of the formula:
2
Ti = - 1 100
antilog A2
where A2 is the optical density reading of the two-fold expanded scale
corresponding to Tls the per cent transmittance of the unexpanded
scale.
For the four-fold expanded range the formula used was:




where A4 is the optical density reading of the four-fold expanded
scale corresponding to T18
For each of the expanded ranges, rulers were made that could be
used to read the plateau heights as for the unexpanded range. With
the extremes of the calibrated region of the expanded range rulers
lined up to the extremes of the calibrated region of the chart paper,
the plateau chart height and the base line optical densities can be
read. The actual plateau height is determined by difference. A
comparison of the size and span of the unexpanded and two expanded
ranges is shown in Figure 60
H. Calculation of the Peak Area
In the case of chromatograms, the area of the peaks was computed
by the formula:
(peak height) x (width at the half height).
Peak height was determined as described above for the plateau heights,
the difference between the chart peak height and the base line in
optical density units. The width at the half height was found by
taking, in optical density units, one-half the peak height and adding
to this the value for the base line to obtain the chart position of
the peak half height. The width of the peak at this height was then
determined by estimating, to the tenth of a dot, the number of printed
dots above this peak half height,
I. Comparison of Areas Obtained in Different Chromatographic Runs
In order to compare one chromatographic run with another and to






























































Figure 6. The size and span of the expanded and unexpanded
ranges
Tie dimensions shown are 65$ of actual size.
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standards were included in each run, as is done in amino acid analy
sis. The area of the amino sugar peaks as measured directly was
then adjusted proportionally to the molar color yield of the standard
for each run,
J . Spectra
The spectra of the colored solutions obtained from the Elson-
Morgan reaction were measured by means of a Bausch and Lomb Spectronic
505 recording spectrophotometer, using 1 cm light path quartz cuvettes.
The solutions analyzed were removed from the automated Elson-Morgan
reaction stream just before they would have entered the colorimeter
and the spectra recorded immediately,
K. pH Determinations
All pH determinations were made with a Radiometer pH Meter 25SE
with the solutions at room temperature. The meter was standardized
with Beckman standard pH solutions.
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ANALYTICAL SYSTEM FOR THE AUTOMATED ANALYSIS OF AMINO SUGARS
A. Advantages and Limitations of the Technicon Amino Acid Analyzer
The Technicon Amino Acid Analyzer has performed well in handling
amino acid analyses, even in the presence of interfering ninhydrin-
positive materials. This is achieved by controlled and reproducible
alterations in the buffer gradient which vary the elution pattern.
For example, the amino acid analysis of the hydrolysate of a muco-
protein is complicated unless conditions can be varied so that the
glucosamine and galacto samine peaks do not overlap the amino acids.
With this experience and the flexibility in making buffer gradients
if required, the use of the analyzer for the chromatography of amino
sugars with the standard resin seemed to be worth the attempt.
The analytical system of the Amino Acid Analyzer had proven to
be stable as far as the ninhydrin reaction was concerned. With the
numerous published accounts of adaptations of clinical laboratory
reactions to the AutoAnalyzer and the ability of the apparatus to
handle several reagents without additional pumps, the AutoAnalyzer
seemed again to meet the requirements that would be needed to
automate the Elson-Morgan reaction.
An attempt was made to use only commercially available parts in
the modification of the Amino Acid Analyzer* This was done with
only two exceptions, the addition of the filter in the "acids" line
and the displacement bottle. Both can be constructed in the average
laboratory and were described in Materials and Methods.
In setting up the analytical system for the Elson-Morgan reaction
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several requirements had to be met if the system was to be acceptable.
(l) The sensitivity of the combined chromatographic and analyti
cal systems had to be sufficient that sample sizes would be
similar to those used in amino acid analysis, i.e. sample
loads on the order of 0o25 umoles.
(2 ) The relationship between the amount of color produced and the
quantity of sample introduced had to be linear and be repro
ducible,
(3) The reagents of the analytical system had to be compatible
with the salts and pH of the column effluent. Subsequent
investigation showed that two sets of chromatographic condi
tions were desirable. The analytical system was therefore
designed so that the manifold did not have to be changed when
the chromatographic buffer was changed, and only one of the
analytical reagents had to be altered,
(4) The reagents themselves had to be stable for at least the
time required for a chromatographic run and preferably much
longer.
(5) Since the proportioning pump meters the reagents by "milking"
calibrated tubing and the tubing is not chemically inert, the
reagents to be used should not adversely affect the pumping
rate of the tubing. In addition, they should not shorten the
life expectancy of the tubing excessively.
B. Choice of Reagents
As noted previously, the Elson-Morgan reaction is completed in
two stages. The first stage, Stage I, involves
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amino sugar with 2,4-pentanedione or acetic anhydride
5,4 1,52
in a basic medium at an elevated temperature. Generally the
27jfl,59 8. 10, 1?^ i, 5 1, 52
basic medium is a borate or carbonate buffer.
The second stage, Stage II, involves the formation in an acidic
medium of the colored product(s) by the reaction of p-dimethylamino-
benzaldehyde with the intermediates formed in the first stage. The
solvent in which the reaction is carried out is either acetic acid or
ethanol. The addition of p-dimethylaminobenzaldehyde, solvent, and
the acid required for acidification is made by the single addition of
an Ehrlich' s reagent. In the published methods, Ehrlich* s reagent
is composed of various amounts of p-dimethvlaminobenzaldehyde and
41, 52 5,8, 10, 17, 2t? 5
1
HCl in acetic acid or ethanol .
For several reasons a variation of the borate buffer-acetic acid
method was chosen to provide the basic and acidic media of the first
27
and second stages 0 Published data showed that it resulted in higher
color yields than that of the carbonate-ethanol systems. In addition
the acidification of the carbonate buffer in the second stage would
require the disposal of the carbon dioxide produced in a closed sys-
2 t
tem. In the carbonate-ethanol system such as described by Gardell
a white precipitate is formed at the acidification step if the
solutions are cold. This precipitate would clog the small bore
tubing of the automated method. For these reasons and others to be
discussed subsequently a borate buffer and modified acetic acid
reagent were chosen.
Acetic anhydride was chosen in preference to 2,4-pentanedione
for two reasons. In the borate buffer and modified acetic acid
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method as developed, acetic anhydride gave better color yields than
27
2 ,4-pentanedione . Published procedures also require shorter heating
periods for completion of the first stage with acetic anhydride,
2
7, 41, 52
generally three to five minutes vs. fifteen to sixty minutes
8^ 10; 17,
2
4, 2 7. 5 1
for 2,4-pentanedione .
Acetic anhydride could not be added directly because a pumping
rate small enough to add the required amount was not available and
the anhydride did not dissolve readily in the aqueous stream. Two
diluents have been used in published procedures. In the manual
2
1,47
methods acetone has been used but because of its high volatility
its use in the automated system resulted in uncontrollable surging.
In addition, the stability of this reagent is poor and it usually
41 5
must be prepared daily . Balazs. et al. used an aqueous diluent
but this reagent was highly unstable and had to be replaced every
three hours. N,N-Dimethylacetamide was found to be a satisfactory
diluent, although not compatible with the pump tubing. It satisfied
the following criteria which acetone and the aqueous diluent of Balazs,
5
et al. did not: easy miscibility with acetic anhydride and water,
limited volatility so that neither surging nor changes in the bubble
pattern occurred on heating, and the production of a stable acetylat
ing reagent.
Since the N,N-dimethylacetamide was not compatible with the
types of pump tubing available an alternate method of delivering this
solution had to be found. This was accomplished by means of a dis
placement bottle. Mercury was pumped from a reservoir at metered
rates into the displacement bottle forcing the acetylating reagent
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out and directly into the reaction stream,
Ehrlich' s reagent in the manual methods using the borate-acetic
acid is normally p_-dimethylaminobenzaldehyde dissolved in acetic acid
2 7, 50, 52
and HCl. This reagent usually is made just before use . Be
cause of its instability this type of reagent was rejected. It was
found that an alcoholic p_-dimethylaminobenzaldehyde solution gave
consistant color yields for periods of at least three months and thus
has been incorporated into the procedure. The color yields were con
sistent despite a gradual change in color of the p_-dimethylaminoberiz-
aldehyde solution from the original green tinge to deep maroon.
Brij 35 was incorporated in all the sample solutions in order
to minimize surging in the analytical system reaction lines and to
simulate the composition of column effluents. Brij 35 concentrations
up to levels tra.ce that of the recommended amounts had no effect on
color yield.
C. Development of the Specific Manifold and Reaction Conditions
1. Choice of solvent for coupling the cyclic intermediates with
p_-dimethylaminobenzaldehyde (Stage II)
In order to determine the best solvent available for the second
stage of the Elson-Morgan reaction several were tested in a- manual
procedure as described in Table 2. Because the amount of color
formed was extremely dependent upon the concentration of HCl, for
each of the solvents tested the concentration was varied, and the
reported data are for the optimal HCl concentration. The amounts
of reagents and reaction conditions used were set to approximate
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Table 2. The relative color yields produced in a manual Elson-
Morgan reaction using various solvents in the second stage of the
reaction
Incubations of a mixture of 0.32 ml GlcN-HCl (0,025 mg/ml in 0.01 N
HCl) or 0.32 ml H20, plus 2.10 ml 12$ (v/v) Ac20 in DMA, 16.0 ml
2.80 M H3B03, pH 9.20; and 31.7 ml H20 were carried out in a
boiling water bath for 5 man. After chilling, 2.50 ml of this reac
tion mixture, simulating Stage I, was added to each of several tubes.
To a series of these tubes was then added the solvent to be tested
and concentrated HCl in varying proportions such that the total
volume of this mixture was 8.5 ml. After the addition of 0.30 ml
pDMAB in 95$ EtOH, 10$ (w/v), the reaction mixtures were then incu
bated for 10 man, at 37 C After chilling, the absorbance s were
read at 590 mu. The values listed in the table are those obtained
at the optimal HCl concentration for the particular solvent and are






Glacial acetic acid 1.00
Propionic acid 0,88





Methyl cello solve 0.39
Absolute methanol 0,25
Glacial acetic acid : 88$ formic acid, 1:1* 0.92
Glacial acetic acid : water, 1:1* 0,52




the automated method at that particular stage of development.
Table 2 lists the solvents tested and the results obtained.
It can be seen that glacial acetic acid, propionic acid, and 88$
formic acid gave the best color yields.
It was noted, however, that solutions composed of 55 nil
propionic acid, 0.5 ml concentrated HCl, and 030 ml 10$ w/v
-dimethylaminobenz aldehyde in 95$ ethanol or in solutions with
higher HCl concentration separated into two phases before the
addition of the reaction mixture from Stage I. Because of this
finding and the fact that propionic acid has the same effect on
the Acidflex pump tubing as acetic acid and gives lower color
yields than acetic acid, propionic acid was discarded as a
possibility for use in the automated Elson-Morgan procedure.
Of the pump tubings currently available only Acidflex tubing
is listed by Technicon as having the capability of handling acetic
acid, with a maximum suggested concentration of 95$ glacial acetic
acid. It was found that, if this tubing was immersed in 95$
glacial acetic acid or propionic acid, the tubing became swollen
and soft within three days. Because of this the pumping rate of
the tubing as a function of time was checked while pumping 95$
glacial acetic acid. It can be seen from Figure 7 that there
was a marked increase in the pumping rate during the first 24 hours
of use. After 50 hours of service particles of the tubing had
appeared in the solution which had been pumped. If the acetic
acid was further diluted with water the change in pumping rate
decreased in magnitude but occurred over longer periods of time
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Fipnire 7. The effect of acetic and formic acids on the stability
of pumping rates
Acidflex pump tubings were mounted on the proportioning pump in
the usual manner, and pumping of the given solutions started at time
zero and continued uninterrupted for the periods noted. At set
intervals the ptunping rates were determined and expressed as:
measured pumping rate as per cent of the nominal pumping rate listed
by Technicon. Curve A, 95 parts (by volume) glacial acetic acid
plus 5 parts water; B, 85 parts glacial acetic acid plus 15 of
water; C, 88$ formic acid.
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and the appearance of particles of the tubing was delayed,
Because of the problems in pumping acetic acid the effect of 88$
formic acid on the pumping rate of Acidflex tubing was investigated.
As can be seen from Figure 7, the effect of formic acid is opposite
to that of acetic acid in that the pumping rate falls with time, most
sharply over the first 24 hours but continuing for much longer periods.
After 143 hours of continuous duty no particles of tubing were noted
in the pumped formic acid.
By combining 88$ formic acid and glacial acetic acid in various
proportions it was found that the effects of the one acid on the
pumping rate could almost be cancelled by the other. This occurred
with a mixture of 60 parts by volume of glacial acetic acid and 40
parts of 88$ formic acid. With the addition of 10 parts by volume
of water the change in pumping rate became minimal and the appearance
of particles of pump tubing was delayed.
Of the solutions tested, the one shown in Figure 8, curve B,
most closely approximates the mixture used in the recommended auto
mated procedure. It can be seen that the change in the pumping rate
with time is minimal even in the first 24 hours and is stable for at
least 358 hours of continuous duty. After 167 hours of pumping small
amounts of particles of the pump tubing were observed in the solution.
If the 10 parts of water were omitted, these particles appeared with
in 48 hours of service. If the concentrated HCl proportion is re
duced to 9.5 parts by volume, as has been done in the final procedure,
there is no change in either the structural stability or pumping



















Figure 8. The effect of mixtures
of glacial acetic acid, formic
acid, water and concentrated HCl
on the stability of the pumping
rates
Pumping rates were determined
and expressed as in Figure 7. All pump
tubings were Acidflex. Curve A,
in parts by volume, glacial acetic
acid, 60; 88$ formic acid, 40; and concentrated HCl, 12;
Curve B,
the same components and proportions as in
Curve A with the addition
of 10 parts by volume of water.

^9
In the automated procedure the particles of pump tubing which
appeared in the pumped reagent after long periods of service inter
fered with the analysis by settling in the flow cell of the colori
meter. This problem was eliminated by introducing in the "acids"
line between the proportioning pump and the point where the reagents
are combined a glass wool filter as previously described in Materials
and Methods.
2. Heating conditions for the acetylation and cyclization (Stage I)
In the heating conditions for the acetylation and cyclization
step, i.e. Stage I, of the Elson-Morgan reaction there are three
parameters which can be controlled in addition to the flow rates of
the reagents and sample. These are: (l) temperature of the heating
bath, (2) volume of the glass coil in the bath, and (3) the quantity
of air introduced into the reaction stream for segmentation.
The first parameter, that of the temperature of the heating
bath, was held arbitrarily at 95 C because this bath was also used
for ninhydrin color development. Preliminary studies with one-eighth,
one-quarter and full length coils (I.D. 1.6 mm) singly or in series
showed that the best color yields were obtained when the reaction
mixture was held at 95 for 7 to 8 minutes. In order to approximate
this time requirement with a single coil, a one-half length coil of
1.6 mm inside diameter was installed and has been used in all the
following experiments. The passage time of the reaction mixture
through the bath in the final procedure was 9*5 minutes.
The amount of air introduced for segmentation can be varied
over wide limits. The lower limit is determined by finding the

50
minimum amount of air required so that the segments of the liquid
reaction mixture are small enough to insure adequate mixing in
the mixing coils. The maximum is just short of the amount that
makes the segments of the reaction mixture too small for the
uniform proportional addition of the reagents to the stream, or
causes surging in the pump lines. In either case, if too little
or too much air is added the amount of color produced while ana
lyzing a given sample will not be constant.
By varying the amount of air introduced for segmentation
within the above mentioned limits in Stage I the time that the
reaction mixture is heated can be varied. In order to determine
the best air flow rate, air was pumped at various rates and the
color produced for a given GlcN sample was determined, all other
factors being held constant. The data in Table 3 show that an
air flow rate of 0,42 or 0.60 ml/min gave the highest color yields.
If the rate was increased to the next higher available, 0.80 ml/min,
surging and varying color yields resulted. The 0.42 ml/min rate
was chosen, giving a passage time through the 95 C bath of 9.5
minutes.
3. Reaction conditions for coupling the cyclic intermediates
with 2-dimethylaminobenzaldehyde (Stage II)
50
Reissig, Strominger and Leloir have shown that the rate of
color development in the Morgan-Elson reaction is dependent upon
the incubation temperature and also upon the acidity and water
content of the final mixture. Each of these parameters as well
as incubation time has been examined and the optimal conditions
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Table 3. The effect of the amount of air introduced in the first
stage on the color yield in an automated procedure
The manifold and reaction conditions were the same as those described
in Figure 2 except that the acetylating reagent was 3$ (v/v) Ac20 in
DMA and was pumped at a rate of 0.030 ml/min, the buffer was 2.80 M
H3B03, pH 9.10. Ehrlich' s reagent consisted of 10$ (w/v) pDMAB in
95$ EtOH. Air # 2 was pumped at a rate of 0.42 ml/min. The "acids"
reagent, Dumped at 0.64 ml/min, was composed, in parts by volume, of:
glacial HOAc, 60 ; 88$ HC00H, 40; cone. HCl, 8; and water, 10. This
was the optimum HCl concentration for these conditions. The sample,
0.025 mg/ml GlcN.HCl with Brij 35 or a blank of Brij 35 without
GlcN, was pumped by the column effluent tube. The color produced
was monitored at 590 mu with a light path of 15 mm without the use













selected within the limits imposed by automation.
In order to determine the optimal temperature for completion
of the second stage a series of manual Elson-Morgan reactions
was done as described in Table 4. It can be seen that as the
temperature was increased from 30 to 37 C and on to 48 C the
absorbance obtained for equal amounts of sample fell. There
was a drop of 2.8$ in absorbance when the temperature was raised
from 30 to 37 C. In setting up the automated procedure with
currently available equipment, temperatures below that of the
ambient temperature seemed unreasonable. The standard heating
bath used with the Technicon AutoAnalyzer when operating maintains
a temperature of 32 to 33 C at normal room temperatures with
the heater deactivated. The temperature of 37 was therefore
arbitrarily chosen for two reasons even though a lower temperature
would give a higher color yield. The Technicon bath will maintain
this temperature and normal ambient temperatures will not affect
the bath temperature. In other laboratories, if any regulatory
baths are available they are most likely to be 37 baths. One
of these could be substituted for the Technicon bath.
Another factor to be considered is the duration of the incu
bation period. In order to determine the effect of time on the
amount of color produced a series of test tube reactions was com
pleted with incubation times varying from 5 to 25 minutes. From
Table 5 it can be seen that under these conditions time had no
effect on the amount of color produced, with the exception of
possibly a small decrease when the incubation period was increased
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Table 4, The effect of incubation temperature in Stage II on the
color yield in a manual Elson-Morgan reaction
Incubation of a mixture of 0.32 ml GlcN'HCl (5 mg/ml in 0.01 N HCl)
or 0.32 ml HaO, plus 2.10 ml 12$ (v/v) Ac20 in DMA, 16. 0 ml 2.80 M
H3B03, pH 9.20; and 31.7 ml H20 was carried out at 100 C for 5
min. After chilling, 2.50 ml of this reaction mixture, simulating
Stage I, were added to several tubes. To each of these tubes, for
any given temperature series, varying proportions of glacial HOAc
and cone. HCl were added such that the total volume of this mixture
was 8.5 ml. After the addition of 0.30 ml 10$ (w/v) pDMAB in 95$
EtOH, the tubes were mixed and incubated for 10 min. at their
respective temperatures. Upon completion the tubes were chilled and
their absorbance at 590 mu measured. For the 30 and 48 C series
a control was run at 37 using the same reagents. The absorbance of
these solutions was corrected for the variation in the controls and















Table 5 The effect of incubation time in Stage II on the color
yield in a manual Elson-Morgan reaction
Incubations were carried out as described in Table 4, except that
all were at a temperature of 37 C. The control was incubated at 37
for 10 minutes and the absorbances of the 5 and 25 minute series
corrected for variations in the controls. All values were obtained
















In setting up an automated analysis a prolonged incubation
is for the most part undesirable. Since the highest optical den
sity values were obtained at the five and ten minute periods the
automated procedure was set up with a one-half length coil of 1.6
mm I.D. in the 37 bath. In the final procedure, under the con
ditions recommended, the incubation period is 6.9 minutes.
A third consideration in the second stage is the effect of
the water content of the final reaction. In Table 6 the water
content is expressed as the ratio of the volume of the sample at
the completion of the first stage, the resample volume, to the
volume of glacial acetic acid and concentrated HCl used. The
resample volume is that volume of the reaction mixture from Stage
I carried to Stage II. This ratio includes the small amount of
N,N-dimethylacetamide in the resample and also neglects the volume
of 95$ ethanol added in the p_-dimethylaminobenzaldehyde reagent.
It can be seen that the amount of color formed, uncorrected for
resample size, increases as the water content increases. At the
same time it is also noted that the amount of color produced for
a given amount of glucosamine decreases.
The corrected absorbance values given in Table 6 for the un
corrected sample size most nearly approximate what one would ex
pect in the automated procedure. In the manual method the sample
volume from Stage I and the acid volume were adjusted to keep
the total volume constant. In the automated procedure the resam
ple volume can be thought of as constant, and the volume of the
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Table 6. The effect of the resample : "acids" ratio in Stage II
on the color yield in a manual Elson-Morgan reaction
Incubations were carried out simulating Stage I as in Table 4 except
that 0.32 ml GlcN (2.5 mg/ml in 0.01 N HCl) was used. After the
incubation simulating Stage I, various amounts of this mixture, now
labeled "resample", were added to a series of tubes. The amount of
resample added for a given ratio series is listed \n the table. To
these tubes was then added glacial LOAc and concentrated HCl in vary
ing proportions such that the total volume of this mixture was 8.5
ml. After the addition of 0.30 ml 10$ (w/v) pDMAB, the tubes, now
simulating Stage II, were incubated at 37 C for 10 minutes. They
were then chilled and read as before. The control used for the 0.42
















6.0 0.42 0.305 1.00
3A 5.1 0.67 O.365 0.88
4.2 ^.3 0.98 0.370 0.72
* Corrected absorbances have been adjusted on the basis of the
control and are the values obtained for the optimum HCl concentration.
** The specific absorbances are the corrected values adjusted for
the difference in resample volumes and thus the differences in
amount of GlcN in each tube. The specific absorbance of the 0.42
ratio series has been set arbitrarily at unity.
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acids" mixture of acetic acid, formic acid, HCl and water varies
and thus the total volume changes. Table 7 gives the results for
the AutoAnalyzer showing the absorbance observed as a function of
the water content. Here the water content is expressed as the
ratio of the pumping rate of the resample to that of the "acids".
If lines 1, 2, and 3 are compared and lines 4 and 5 are compared,
each set at a given Air # 2 pumping rate, it can be seen that the
amount of color produced is at its maximum at a resample : "acids"
ratio of 0.79.* At the same time the amount of color found for
a given amount of glucosamine falls as the ratio increases. No
allowance has been made for the fact that the incubation time will
vary because of the different pumping rates except that each value
listed is for an optimal HCl concentration. The low absorbance
value obtained for a ratio of 0.74 and an Air # 2 flow rate of
0.42 may possibly be explained on the basis that the incubation
time would be prolonged for this set of conditions compared to
the others.
Since these data roughly paralleled those found in the manual
determinations, one would expect a decrease in color yield as the
ratio was decreased. Therefore no further investigation was un
dertaken, and the ratio of 0,7^ was selected. This selection was
based primarily on the requirements of the AutoAnalyzer since
changing the ratio from 0.66 to 0.79 had little effect on the
color yield. The reasons, primarily technical, for selecting
the ratio of 0.74 then were: (l) A resample pumping rate of
*" If the resample to "acids" ratio is decreased below 0.66 to
0.50 or 0.35 the amount of color produced falls.
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Table 7. The effect of the resample : "acids" ratio in Stage II
on the color yield in an automated Elson-Morgan reaction
The manifold and reaction conditions were those described in Figure 2
except that the acetylating reagent was 3$ (v/v) Ac20 in DMA and was
pumped at a rate of 0e030 ml/min, the buffer was 2.80 M H3B03 , pH 9.10;
and Ehrlich' s reagent consisted of 10$ (w/v) pDMAB in 95$ EtOH. The
sample, GlcNHCl, 2.5 mg/100 ml, with Brij 35, or the blank of Brij
35 without GlcN, was pumped by the column effluent tube. The
pumping rates of the Air # 2, "acids", and resample tubes were varied
as noted in the table. The color produced was monitored at 590 mu,
light path of 15 mm, without the use of the range expander. For each
of the listed ratio and Air # 2 conditions, the absorbance is that
obtained for the optimal HCl proportion in the "acids" solution.
The specific absorbances are the values adjusted for equal amounts
















1 0.42 0.66 0.42 0.64 0.430 1.00
2 0.42 0.74 0.32 0.43 0.424 0.97
3 0.42 0.79 0.42 0.53 0.434 0.95
4 1.20 0.74 0.32 0.43 0.430 0.99
5 1.20 0.93 0.32 0,3^ 0.416 0.85

59
0.32 ml/min was the maximum possible with Stage I set up as pre
viously described. The next higher pumping rate available, 0.42
ml/min, resulted in undue mixing because of abnormal debubbling
in the C3 debubbler (Figure 2). This occurred because the re
sample rate of 0,42 ml/min almost equals the volume of reaction
mixture leaving Stage I, 0,495 ml/min. Any small amount of surg
ing upsets the bubble pattern in the debubbler, allowing previous
ly expelled fluid to re-enter the debubbler and mix with the
liquid contents of the debubbler chamber. In analyzing individual
samples or chromatographic effluents this would be highly unde
sirable, but in the conditions of the experiment where a single
sample could be run for long periods mixing did not interfere.
(2) The next lower ratio available, 0.60, which would use a re
sample flow rate of 0.32 ml/min would required an "acids" pumping
rate of 0.53 ml/min. This would represent a 25$ increase in
"acids" consumption compared to the 0.74 ratio.
With the resample : "acids" ratio fixed at 0.74, the incubation
time at 37 C in Stage II was varied by changing the Air # 2
flow rate. In Table 8 it can be seen that when the flow rate is
increased from 0.42 to 1,20 ml/min there is a slight increase in
the amount of color produced. Because of this observation and
the fact that the higher flow rate shortened the time of analysis
the 1.20 ml/min flow rate for Air # 2 was selected. Any increase




Table 8. The effect of the incubation time in Stage II on the
color yield in an automated Elson-Morgan reaction
The manifold and reaction conditions were those described in Table 7
except that the resample pumping rate was held constant at 0.32 ml/min
and that of the "acids", 0.43 ml/min. Air # 2 pump rates varied as
noted in the table. The absorbance listed for each of the conditions











4, Optimal boric acid concentration and pH in Stage I and the
resulting optimal HCl concentration in Stage II
It had been noted very early in the investigation that the
amount of color produced for a given boric acid solution varied
markedly if the proportion of concentrated HCl in the "acids"
mixture was changed. It also had been noted that the concentra
tion and pH of the boric acid solution affected the over-all
color yield even though the optimum proportion of HCl was used
in the "acids" mixture for each boric acid solution.
With glucosamine dissolved in phosphate chromatographic buf
fer, System B, the color yield as a function of boric acid con
centration and pH was determined. For a few of the boric acid
solutions, the effect of the concentrated HCl proportion added in
Stage II is shown in Figure 9 The highest color yield was ob
tained with a boric acid solution of 0.8 M, pH 8.9 and an "acids"
mixture containing 10 parts of concentrated HCl. Figure 10 shows
the variations of the color yield with 0.80 M boric acid with
varying pH at the optimal acid concentration.
The conditions for analyzing glucosamine in the borate
chromatographic buffer, System A, were also examined. In this
case no additional boric acid was added through the buffer line,
only an NaOH solution of various normalities. From Figure 11 it
can be seen that of those solutions tested, 0.160 N NaOH was the
best when combined with an "acids" mixture containing 9 parts
concentrated HCl. The variation in color yield with various







Figure 9. The effect of variations in pH and concentration of
the boric acid buffer and "acids" composition on the amount of
color formed in the automated method using the phosphate chromato
graphic buffer (System B)
The reaction conditions were those shown in Figure 2 except that the
absorbance was measured at 590 mu with the unexpanded range. The
sample contained 0.1095 uraWml GlcN with Brij 35. The "acids"
solution contained in parts by volume: glacial acetic acid, 60;
88$ formic acid, 40; water, 10; and varying amounts of concentrated
HCl as listed in the graph. The borate buffers used were, for
curve A, 2.80 M H3B03, pH 9.30; B, 2.00 M H3B03 , pH 9.20; C, l.?0 M
H3B03, pH 9.20; D, 0.40 M H3B03 , pH 9.20; E, 0.40 M H3B03 , pH Q.50;
and F, 0.80 M H3B03 , pH 8.90.
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Figure 10. The effect of variations in pH of the 0.80 M boric
acid buffer on the amount of color formed in the automated method
using the phosphate chromatographic buffer (System B)
The reaction conditions were those shown in Figure 2 except that
the absorbance was measured at 590 mu with the unexpanded range.
The sample contained 0.1095 umole/ml GlcN with Brij 35. Solutions
of 0.80 M H3B03 at varying pH were pumped by the buffer line. All
values given for the particular boric acid buffer are at the
optimal HCl concentration in an "acids" mixture containing by






Figure 11. The effect of NaOH concentration on the amount of
color formed in the automated method using the borate chromatographic
buffer ( System A )
The reaction conditions were those shown in Figure 2 except that the
absorbance was measured at 590 mu with the unexpanded range. The
sample contained 0.1138 uraole/ml GlcN with Brij 35. All values
given for the particular NaOH solutions are at the optimal HCl
concentration in an "acids" mixture containing, in addition to the
concentrated HCl, by volume; glacial acetic acid, 60; 88$ formic





The boric acid concentration in the analytical reaction mix
ture is approximately the same for both chromatographic systems.
The borate chromatographic system (System A) uses 0.35 M boric
acid to elute the column and is pumped into the reaction stream
at a rate of 0.32 ml/min. The phosphate chromatographic system
(System B) adds 0.80 M boric acid buffer in Stage I. This 0.80 M
boric acid buffer is pumped by the buffer pump tubing at a rate
of 0.16 ml/min.
In order to simplify matters when changing from one chromato
graphic system to the other, the "acids" mixture recommended to
be used for both chromatographic systems is composed of 60 parts
glacial acetic acid, 40 parts 88$ formic acid, 9.5 parts concen
trated HCl and 10 parts water, all by volume. This compromises
between the optimal HCl proportions for the two chromatographic
systems and will cause only a small decrease in the amount of
color formed from that formed at the individual optima.
5. Spectrum of the colored product (s) in the automated procedure
The spectrum of the colored solution produced in the auto
mated method is shown in Figure 13. The spectra of glucosamine,
galacto samine, and mannosamine following the Elson-Morgan reaction
are all similar except for the molar color yields. The wave
length of 580 mu used in the final procedure for measurement was
chosen on the basis of color yield and the fact that extraneous





Figure 12. The effect of HCl concentration on the amount of
color formed using 0.160 N NaOH in the automated method using the
borate chromatographic buffer (System A)
The reaction conditions were those shown in Figure 2 exoept that
the absorbance was measured at 590 mu with the unexpanded range.
The sample contained 0.1138 uaole/ml OlcN with Brij 35. The 0.160 N
NaOH solution was pumped by the buffer line. The "acids" mixture
contained by volume: glacial acetic acid, 60; 88$ formic acid, 40;
water, 10; and varying parts of concentrated HCl as shown.
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Figure 13. Spectrum of the color produced by glucosamine
in the
automated method
The sample was introduced in the
borate chromatographic buffer
( System A ) and the color produced under the
conditions described in
Figure 2 and measured with the













6. Linearity of the automated analytical system
The response of the AutoAnalyzer was found to have a limited
range of linearity when used without the range expander. In order
to increase the sensitivity and to utilize the linear range, a
range expander was added. Usually the scale was expanded two-fold
or four-fold. Figure 14 illustrates the linearity with glucos
amine using a two-fold expanded scale. In this case the recorder
chart range is from 0 to 0,3 absorbance units. The relationship
between the amount of color produced and the concentration of
sample for galacto samine and mannosamine are similar to that of
glucosamine except that the limits of linearity are higher on a
Umole/ml basis. These limits are a function of the color level
produced rather than the amino sugar concentration. The relative
molar color yields of the amino sugars are noted in connection
with their chromatography.
The linear range was not increased by:
(l) increasing the content of acetic anhydride in the acetyl
ating reagent from 2 to 4$,
(2 ) increasing the concentration of -dimethylaminobenzalde
hyde in the Ehrlich' s reagent from 5 to 10$,
(3) measurement of the color produced at 5^3 mu instead of
580 mu or




GLUCOSAMINE (micromoles / ml)
Figure 14. Absorbance of standard glucosamine solutions in
chromatographic buffers A and B
Reaction conditions are those as described in Figure 2 with two
fold range expansion. Samples of standard glucosamine solution
were introduced into the analytical system by the column effluent
pump tube. For line A, the GlcN was dissolved in the borate
chromatographic buffer, and for B, in the phosphate buffer. The




The Elson-Morgan reaction for the colorimetric analysis of amino
sugars has been successfully automated by adapting it for use on the
analytical section of the Technicon Amino Acid Analyzer.
In the first stage of the automated procedure, with the amino
sugar dissolved in a borate buffer at pH 7 .60 or phosphate buffer at
pH 7*00, the sample solution was adjusted to a more alkaline pH by
the addition of 0.160 N NaOH or a boric acid solution, pH 8. 90, re
spectively. Acetylation was accomplished by the addition of acetic
anhydride in N,N-dimethylacetamide. The reaction was completed by
heating the reaction mixture at 95 C for a period of 9*5 minutes.
In the second stage the reaction mixture from Stage I is acidi
fied by the addition of an "acids" mixture of acetic acid, formic
acid, HCl and water. p_-Dimethylaminobenzaldehyde s added in 95$
ethanol and the coupling completed by heating the reaction mixture
at 37 C for 6.9 minutes. The colored product is then measured and
recorded at 58O mu.
All the reagents are stable for several weeks.
A complete description of this analytical system and preparation
of the reagents is given in Appendix II.
Boric acid was incorporated rather than carbonate because the
27
colored yields reported in the literature are generally higher . In
addition, the carbonate method would require the disposal of the
carbon dioxide formed in the second step when the solution is acidi
fied. The incorporation of boric acid in the analytical method also
permitted the option of chromatography with or without borate with
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minimal changes in the analytical system when the chromatographic
buffer was changed. The concentration and pH were optimal values,
found by trial.
Acetic anhydride was selected rather than 2,4-pentanedione be
cause of its speed of reaction and preliminary evidence that it gave
higher color yields. It could not be added directly to the reaction
stream since a very low pumping rate was necessary and it did not
dissolve readily in the aqueous stream, N,N-Dimethylacetamide was
found to be a satisfactory diluent. Because of its incompatibility
with the pump tubing, the acetylating reagent was pumped by means of
a displacement bottle.
In the second stage of the reaction the nature of the acidifica
tion mixture has a profound effect on the amount of color formed. Of
the solvents tested, formic acid, acetic acid and propionic acid were
found to give the best color yield, the particular choice of the
solvents and their proportions in the "acids" mixture was made so
that the pumping rate of the Acidflex pump tubing was nearly constant
over long periods of time and the life expectancy of the tubing was
not unduly shortened.
The p-dimethylaminobenzaldehyde dissolved in 95$ ethanol has
been found to be stable for periods of up to three months. The rec-
omended concentration is nearly optimal. A two-fold increase approaches
the solubility limit in alcohol, and the color yield is increased only
a few per cent.
The analytical method described is designed to handle the anal
ysis of amino sugars in either 0.35 M boric acid, pH 7.60, or 0.0884 M
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KH2P0^, pH 7.00 with minimal changes. If it is found that it is de
sirable to change the aqueous solution in which the sample is dissolved,
changes in the buffer added in the first step and the HCl concentra
tion of the "acids" mixture added in the second step can readily be
made to give optimal color yields in a new procedure.

< }
AUTOMATED CHROMATOGRAPHY AND ANALYSIS OF AMINO SUGARS
A. Chromatographic Systems
The two chromatographic buffers studied, System A, 0.35 M boric
acid adjusted to pH 7.60; and System B, 0.0884 M KHzPO^ (I = 0.2 M)
pH 7.00; gave distinctly different elution patterns with the test
amino sugars. Figure 15 contains composite curves of the elution
behavior of the test amino sugars found for each of the chromatographic
systems .
Typical chromatograms of test solutions containing GlcN, ManN
and GalN for the two chromatographic systems showing both the nin
hydrin and Elson-Morgan analyses are recorded in Figures 16 and 17.
For System A (borate) at pH 7.60, as the concentration of boric acid
is increased from 0.05 M to 0.50 M the total elution and analysis time
falls from approximately 8 l/2 hours to 2 l/2 hours, with the separa
tion between the GlcN and GalN peaks decreasing at a faster rate than
the separation between the ManN and GlcN peaks. Resolution at 0.50 M
boric acid is still good but the lower concentration of 0.35 M boric
acid was chosen to leave room in the elution pattern for other amino
sugars .
In System B (phosphate), with 0.0884 M KHzPO^ (I = 0.2 M) solution,
as the pH decreases from 7.60 to 7.00 the total elution and analysis
time increases from approximately two hours to four hours with the
separation between GlcN and ManN increasing while that between ManN
and GalN decreases. Decreasing the ionic strength of the buffer to






Figure 15. Composite tracings of chromatograms of amino sugars
in the borate and phosphate chromatographic systems
Chromatography and Elson-Morgan analysis were completed under the
final conditions as described in Materials and Methods. Recordings
were made with four-fold range expansion. Quantities applied to the
column, in uncles, were: GlcN, 0.09; ManN, 0.16; GalN, 0.26; TalN,




Figure 16. A typical chromatogram using the
borate chromato
graphic system and simultaneous Elson-Morgan
and ninhydrin analvses
Chromatography and analyses were completed
under the final condition:
described in Materials and Methods for the borate chromatographic
buffer, System A. The Elson-Morgan trace
was recorded with the two
fold expanded range, the ninhydrin trace
is unexpanded. Chart speed
was four inches per hour. The quantities applied to
the column, in
umoles, were: GlcN, 0.29; ManN, 0.50;









Figure 17. A typical chromatogram using the phosphate chromato
graphic system and simultaneous Elson-Morgan
and ninhydrin analyses
Chromatography and analyses were completed under the conditions
described in Figure 16 except that the phosphate chromatographic
buffer, System B, was used with the corresponding change
made in the
analytical system as described in Materials
and Methods. The
quantities applied to the column were the same
as in Figure 16.
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with increased time between the maxima of the peaks. However, as
the ionic strength is decreased the peaks become much lower and
broader.
The pH and buffer concentrations of the two recommended chroma
tographic systems have been chosen for a balance between the speed
of elution and good resolution. Chromatographic buffers with other
pH and concentration values may serve better in a particular analyti
cal problem,
B, Relationship between the Peak Areas and the Amount of Amino Sugar
in the combined Chromatography and Elson-Morgan Analysis
Using mixtures of the three most common amino sugars, GlcN, ManN,
and GalN, repeated chromatography and analysis were completed and
the relationship of the peak areas to the amounts introduced was
examined for both two- and four-fold expanded ranges. Figures 18
and 19 show this relationship for the two-fold expanded range for each
of the chromatographic systems.
It was noted earlier that when samples were introduced into the
analytical system directly, the deviation from a linear relationship
between the plateau height and concentration of the sample was a
function of the amount of color produced rather than the concentration
of the sample introduced. For example, the linear range for GalN is
approximately 2 l/2 times that for GlcN on a umole per ml basis, while
the molar color yield for GlcN is approximately 2 l/2 times that for
GalN. This phenomenon is also noted in the combined chromatographic
and analytical system. This can be seen more easily in Figure 18 for
the borate chromatographic buffer where the coordinates extend over
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CHoMCu.ES of amino sugar
Figure 18. The relationship between sample size and peak areas
obtained after chromatography and analysis using the borate chroma
tographic system
Chromatography and Elson-Morgan analyses were completed as described
in Materials and Methods for the borate chromatographic buffer,
System A. Each point is the average of values from 2 to 5 chromatograms,
and for each amino sugar one of the others served as an internal
standard. Values were obtained with the two-fold range expansion.






Figure 19. The relationship between sample size
and peak areas
obtained after chromatography and analysis using the phosphate
chromatographic system.
The data were obtained and plotted as for Figure 18 except that the
phosphate chromatographic buffer, System B, was used with the
corresponding change in the Elson-Morgan analytical system.
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a larger range than for Figure 19. The effect will also be more marked
in the borate system than the phosphate system because of the much larger
difference in elution times between the first and last amino sugars
eluted and the fact that the first two peaks in the borate system are
eluted at earlier times than in the phosphate system. This occurs
because, generally, materials that appear early in a chromatogram
have peaks that are sharper than peaks that have eluted later. In
other terms, for a peak of a given area, the peak that appears early
will have a higher maximum peak height than one that has eluted later.
Disregarding the possibility of asymmetry of the first peak*, in the
borate system the effect of high peak heights for a given area should
be most marked for ManN. In Figure 18 peak heights for the points
with the largest area were 0.214, 0.266 and 0.257 optical density
units for GlcN, ManN, and GalN, respectively. For the peaks whose
area is approximately three area units, peak heights were 0.159, 0.157
and 0.144 optical density units for GlcN, ManN, and GalN, respectively.
It can be seen in Figure 18 that for a given area the deviation from
linearity is greatest for ManN and by comparing the peak heights
obtained for comparable areas of the different amino sugars, the
deviation is most marked for peaks of a comparable area whose peak
height is highest. Thus, after chromatography and analysis, the
deviation from a linear relationship between the peak area and amount
of sample chromatographed is a function of peak height rather than
the amount of sample. The height of a chromatographic peak is deter
mined not only by the amount of sample, but also the molar color yield
* Such asymmetry is seen sometimes with quickly eluted materials
and would make the estimate of the area by the formula described in
Materials and Methods incorrect.

81
and elution pattern of the sample.
The linear portions of Figures 18 and 19 indicate the limits
within which reliable quantification can be obtained. If the four
fold range is used, the linear range extends almost through the complete
recorder range. Deviations are most marked again for ManN in the
borate chromatographic system but are minimal and occur at peak heights
that are recorded almost at the upper extreme of the range.
C. Color Yields
As an indication of the color yields obtainable with amino sugars,
the molar color yield values relative to that obtained for GlcN are
listed in Table 9 These figures must be taken as approximations
since the purity of the samples could not be confirmed. None, however,
showed any Elson-Morgan-reacting impurity upon chromatography and only
fuco samine had some ninhydrin-reacting impurity.
The tabulated ratio of the Elson-Morgan to ninhydrin peak areas,
included in Table 9 may have value as an additional aid in the iden
tification of individual amino sugars. Except for the possibility of
contaminants with coincidental peaks, these values should be independent
of purity.
D . Summary
A combined chromatographic and analytic procedure has been
described using the Technicon Amino Acid Analyzer for the automated
analysis of amino sugars using both the ninhydrin and Elson-Morgan
reactions.
Two chromatographic systems were studied, neither of which
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Table 9. The relative Elson-Morgan color yields and ratios to
ninhydrin color yields for various amino sugars
The data were obtained from the chromatography and analysis of each
of the amino sugars as described in Materials and Methods for each
of the buffer systems, using the four-fold expanded range for the
Elson-Morgan reaction and the unexpanded range for the ninhydrin
reaction. The molar color yields of GlcN have been arbitrarily set
at unity for each chromatographic system and the other values are

























































required an eluting gradient. They gave distinctly different elution
patterns with the test amino sugars. The pH and buffer concentrations
of the recommended chromatographic systems have been chosen for a bal
ance between the speed of elution and good resolution. Other values
may serve better in particular analytical situations. Changes in the
chromatographic buffer and the concomitant changes required in the
analytical system should be easily made. Appendix I gives a complete
description of the recommended chromatography conditions and reagents.
The amount of each amino sugar required for a satisfactory
analysis varies from one to another as determined by its molar color
yield and position in the elution pattern. Using the four-fold ex
panded range, a satisfactory analysis can be completed using 0.09 umole
GlcN, 0.16 umole ManN, or 0.26 pmole GalN. These quantities in the
phosphate chromatographic buffer (System B) give peak heights of




The current interest in heteropolysaccharides containing amino
sugars has made it evident that a good method of resolving and ana
lyzing these compounds is needed.
The classical method of determining amino sugars is the Elson-
i7
Morgan reaction and the usual method of separation of glucosamine
and galactosamine is done by the cation-exchange chromatography of
Gardell . For use in the study of mucoproteins and their degra
dation products a combined automated chromatography and analytical
system has been developed based on the instrumentation of the Techni
con Amino Acid Analyzer.
In the case of the mucoproteins, the hydrolytic conditions for
the maximum yield of amino sugars are much milder than those required
for total peptide hydrolysis. It seemed to be advisable, therefore,
to use the Elson-Morgan rather than the ninhydrin reaction for
analysis of these hydrolysates so that the amino sugars could be
determined even if they emerged from the column in the presence of
peptide fragments. Using the Technicon Amino Acid Analyzer, this
reaction has been automated with minimal additional apparatus,
employing stable reagents. The Elson-Morgan and ninhydrin reactions
can now be carried out simultaneously on a split chromatographic
effluent.
Figure 20 is a chromatogram of a hydrolysate of a hyaluronidase-
27
degraded cartilage raucoprotein Mannosamine has been added as an





Figure 20. A cliromatogram of a hydrolyzed mucoprotein oroduct
5 mg of a hyaluronidase degraded complex (HOC)27 prepared from
protein-polysaccharide light was hydrolyzed in 1 ml of 3 ; KC1
in a sealed tube at 108 C for 4 hours, then flash evaporated. The
equivalent of 1.5 mg, with 0.50 umole of ManN as an internal standard,
was chromatographed. Chromatography using the borate chromato graphy
buffer, System A, and simultaneous Elson-Morgan and ninhydrin
analyses were carried out as described in Materials and Methods.
The recording was done with the two-fold expanded range at a chart
speed of four inches per hour.
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material. In addition to the expected peaks of glucosamine and
galacto samine, there are two peaks that may represent Elson-Morgan
reactive degradation products produced during hydrolysis, or possibly
incompletely hydrolyzed fragments.
This automated procedure should facilitate a detailed analysis
of the release of amino sugars during hydrolysis done under various
conditions. This is a problem that at present must be studied




The appendices are intended to be a complete description of the
equipment and reagents for the automated chromatography and simulta




Directions for the Chromatography of Amino Sugars
A. Chromatographic Conditions
The equipment used is the automated chromatography section of the
Technicon Amino Acid Analyzer (Technicon Chromatography Corp. , Chauncey,
New York). The ion exchange resin is Chromobeads, Type A (Technicon)
with a resin bed measuring 6 mm by 130 cm. The column is jacketed
and held at 60 C and the eluting buffer pumped at a flow rate of 1.0
ml/min at pressures of 200 to 300 psi. The effluent stream may be
split for simultaneous Elson-Morgan and ninhydrin analyses.
The samples to be chromatographed are applied directly to the
top of the resin column in volumes which generally are less than 1.0
ml and forced into the resin column with nitrogen at 15 psi. This is
followed by two 1 to 2 ml portions of eluting buffer. The automated
chromatography and analysis is then started.
Between runs the resin column is washed for 45 minutes with 0.20 N
NaOH, then regenerated for at least one hour with the appropriate
buffer.
B. Chromatographic Buffers
System A: 0.35 M H3B03, pH 7.60




40 ml Brij 35 solution*
0.20 ml hexanoic acid (Matheson, Coleman and Bell, B.P.
203 - 205 C)
The reagents are made up to a little less than 4000 ml with
deionized water and titrated with solid KOH (Baker and Adamson,
A.C.S. grade, pellets, assay 85$ minimum) to pH 7.60. After the
solution has been allowed to come to room temperature, it is di
luted to 4000 ml and the pH readjusted to 7.60 0.02.
This quantity of reagent is sufficient for approximately three
days of continuous chromatography and analysis.
System B; 0.0884 M KHaPO^ (I = 0.2 M) pH 7.00
48.12 gm KHaPO^ (Mallinckrodt , Analytical Reagent, crystals)
40 ml Brij 35 solution*
0.20 ml hexanoic acid
The reagents are made up to a little less than 4000 ml with
deionized water and titrated with solid KOH to pH 7*00. After the
solution has been allowed to come to room temperature, it is di
luted to 4000 ml and the pH adjusted to 7.00 0.02.
This quantity of reagent is sufficient for approximately three
days of continuous chromatography and analysis.
C. Standard Amino Sugar Solutions
All standard solutions are made by dissolving the amino sugar
hydrochloride in 0.01 N HCl
and are stored in the cold, 4 - 8 C.
* Brij 35 (Ruger Chemical Co.) solution is made by dissolving 100
gm Brij 35 in 200 ml deionized
water with warming. If the solution
gels after cooling to room temperature
as some lots do, sufficient
water is added with rewarming to give a final product which is in
solution at room temperature.
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100 ul of each or any of the solutions listed below for the particular
















Directions for the Elson-Morgan Analytical System
A. Manifold for the Elson-Morgan Reaction
The equipment has all been obtained from Technicon Chromatography
Corp. , Chauncey, New York. In addition to the equipment that is nor
mally included in the Technicon Amino Acid Analyzer, a second oil
bath whose temperature can be set at 37 C, a range expander, and a
set of 580 mu interference falters are required and were obtained from
Technicon. A displacement bottle and a falter for the "acids" line
were constructed.
The manifold is shown in Figure 21 and is the same as Figure 2
previously described.
Heating bath I is an oil bath held at 95 C and contains a one-
half length coil, inside diameter of 1.6 mm. The passage time for
the reaction mixture through this coil is 9*5 minutes, under the con
ditions described for the manifold.
Heating bath II is an oil bath held at 37 C and contains a one-
half length coil, inside diameter of 1.6 mm. The passage time for
the reaction mixture through this coil is 6.9 minutes, under the con
ditions described for the manifold.
The colorimeter used to monitor the completed reaction mixture
contains a 15 mm tubular flow cell and a set of 58O mu interference
filters, and is provided with a range expander. The chart speed of
the recorder is set at four inches per hour.
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Figure 21. The analytical section for the Elson-Morgan reaction
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The cooling coils and mixers are standard size and are available from
Technicon.
A filter has been installed in the "acids" line just before the
reagent is added to the reaction stream in order to prevent a fine
precipitate caused by the erosion of the Acidflex pump tube from
entering the reaction stream. The construction of the filter is shown
again in Figure 22. It is made from 6 mm I.D. glass tubing and
packed with glass wool as shown. The porous Teflon disc is optional
if care is taken not to break the glass wool fibers into small pieces.
The material for the disc is l/8 inch thick, grade 30 - 40, porous
Teflon and can be purchased from Liquid Nitrogen Processing Corp. ,
451 Booth Street, Chester, Pa.
The displacement bottle used for pumping the acetylating reagent
is shown in Figure 23. A stopcock at the base of the displacement
bottle permits the transfer of mercury between the chamber and a
mercury reservoir which can be raised and lowered. During an analysis
the level of the mercury in the reservoir is set at a level comparable
to that in the displacement bottle. A second stopcock permits the
removal of accumulated air bubbles from the mercury pump line. Poly
ethylene tubing is used to carry the acetylating reagent from the
exit at the top of the displacement bottle to the Dl "h" of the mani
fold. The tubing is passed through the capillary side arm of the "h"
so that the reagent is delivered directly into the flowing reaction
stream.
The pump tubings used and their connections are shown in Figure







Figure 22. The filter for the "acids" pumping line












Figure 23. The displacement bottle for the acetylating reagent
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advisable to break the tubing in before performing any analyses by
pumping the reagents overnight and to replace the tubing after two
weeks of continuous duty. The Acidflex tubing should be replaced
after one week of continuous duty,
B. Reagents for the Elson-Morgan Reaction
"Acids" - in parts by volume:
60 parts glacial acetic acid (Mallinckrodt , Analytical Reagent,
assay 99*7$ minimum)
40 parts formic acid (Mallinckrodt, Analytical Reagent, assay
88$ minimum)
10 parts deionized water
9.5 parts concentrated HCl (Baker and Adamson, C.P. grade,
assay 37 -
Reagent Four week Two week
supply supply
Glacial acetic acid 4519 ml 2510 ml
88$ Formic acid 3012 1674
Water 753 418
Concentrated HCl 715 398
Mix the reagent vigorously to hasten the escape of dissolved
gases or let stand 1-2 days. The acid reservoir should be below
the pump level as insurance in case of pump tubing failure.
Acetylating Reagent: 2$ (v/v) acetic anhydride in N,N-dimethyl-
acetamide




Make to 130 ml with N,N-dimethylacetamide (Baker Analytical
Reagent )
The displacement bottle as described holds approximately 12 5
ml which is about 2 l/2 days supply under continuous operation.
Ehrlich* s Reagent: 5$ (w/v) ^-dimethylaminobenzaldehyde in 95$
ethanol
100 gm -dimethylaminobenzaldehyde (Matheson, Coleman and
Bell, M.P. 73 - 75 C)
Make to two liters with 95$ ethanol.
This supply will last for about two weeks of continuous
operation.
Boric acid, 0.80 M, pH 8.90
197.9 gm H3B03 (Baker and Adamson, A.C.S. grade, crystals,
assay 99.7$)
Dissolve in a little less than 4000 ml of deionized water and
titrate to pH 8.90 with solid KOH (Baker and Adamson, A.C.S. grade,
pellets, assay 85$ minimum). After the solution has returned to
room temperature, dilute to 4000 ml and readjust pH to 8.90 0.02.
This reagent is to be used when the phosphate chromatographic
buffer, System B, is used, and is stored in a bottle with a soda
lime trap. This supply lasts approximately 18 days under
continuous operating conditions.
NaOH, 0.160 N
320 ml 2.00 N NaOH (made from Fisher Certified Reagent, N/l,
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diluted to l/2 the recommended volume)
Make to 4000 ml with deionized water.
The reagent is to be used when the borate chromatographic
buffer, System A, is used and is stored in a bottle with a soda





Directions for the Ninhydrin Analytical System
A. The Manifold for the Ninhydrin Reaction
The equipment used is the analytical section of the Technicon
Amino Acid Analyzer (Technicon Chromatography Corp., Chauncey, N. Y. )
and an apparatus for preparing and storing the ninhydrin reagent.
The ninhydrin manifold is shown in Figure 24, The pump tubing
specifications and their connections are as indicated. The tubings
are either Tygon, Ty, or Solvaflex, SF. The delay coil used to
coordinate the ninhydrin reaction with the Elson-Morgan reaction
consists of 3^ feet of polyethylene tubing with an inside diameter
of 0.034 inches,
The heating bath held at 95 C contains a full length coil,
inside diameter of 1.6 mm. It is the same 95 bath as used in the
Elson-Morgan reaction, Heating Bath I.
The colored reaction stream is monitored by a colorimeter which
contains a 15 mm tubular flow cell and a set of 570 mu interference
filters. The optical density of the solutions is recorded without
the aid of a range expander.
The nitrogen and ninhydrin reagent are drawn from the ninhydrin
reservoir. The nitrogen pressure in the reservoir is approximately
1-2 psi.

PUMPING TUBE TUBE REAGENT
RATE SIZE TYPE
(ML/MIN) (INCHES)
I 0.32 0.030 TY COLUMN EFFLUENT
HEATING
BATH COLORIMETER RECORDER
Figure 24. The analytical section for the ninhydrin reaction
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B. Reagents for the Ninhydrin Reaction
Sodium acetate buffer, 4.0 N, pH 5. 50
544.4 gm CH3C00Na3H2 0 (Baker and Adamson, A.C.S. reagent,
crystals )
Add approximately 400 ml deionized water and dissolve the
sodium acetate while warming the solution. After the solution
has cooled to room temperature titrate with glacial acetic acid
(Mallinckrodt, Analytical Reagent, assay 99.7$ minimum) to pH 5*50.
Dilute with water to 1000 ml and readjust pH to 5*50. The reagent
is then filtered and stored in an amber reagent bottle.
Ninhydrin reagent
1300 ml 100$ methyl cellosolve (ethylene glycol mono-methyl
ether, Union Carbide Corp., Chemical Division, peroxide
content less than 3 ppm)
8000 ml 50$ (v/v) methyl cellosolve
700 ml 4 N sodium acetate, pH 5.5O
3.0 gm hydrindantin (Pierce Chemical Co.)
40.0 gm ninhydrin (Pierce Chemical Co.)
The ninhydrin reagent is prepared and stored in an apparatus
as shown in Figure 25. All solvents are gassed with prepurified
nitrogen in the apparatus before the solutes are added. The
completed solution is kept under static nitrogen pressure, except
for the small flow of N2 to the analyzer. The proportioning pump
is not shut down between runs. In order to conserve reagent 50$
methyl cellosolve may be pumped instead of ninhydrin between runs.
The apparatus consists of a 3 l/2 gallon three-neck Pyrex
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bottle (Scientific Glass Co. B-6970 ) enclosed in a light-tight
box, a two-liter separatory funnel and Teflon stopcocks. All
stopcocks are shown in the operating position.
In order to prepare a new batch of reagent after the previous
batch has been used:
(l) Set Stopcock # 1 for 50$ methyl cellosolve-to-analyzer and
Stopcock # 2 for air-to-analyzer.
(2) Suck out the remaining ninhydrin reagent from the bottle
with an aspirator temporarily inserted through the cleanout opening.
Wash out the separatory funnel and bottle with 50$ methyl cello
solve. This may be accomplished by a stream of 50$ methyl cello
solve from a bent tube, driven by 15 psi nitrogen, to reach all
parts of the anterior. The washings from the funnel may be drained
into the bottle and the washings from the bottle and funnel removed
with an aspirator.
(3) Put 8000 ml 50$ (v/v) methyl cellosolve and 700 ml 4.0 N
sodium acetate, pH 5.50, in the bottle. Put 1300 ml 100$ methyl
cellosolve into the separatory funnel, making sure that Stopcock
# 3 is closed.
(4) With the clean-out stopper in place, the contents of both
containers are gassed with nitrogen for 20 minutes. Stopcock # 3
should be slightly cracked so the gas can pass from the bottle to
the funnel and thus escape,
(5) With nitrogen still bubbling through both solutions, 3.0
gm hydrindantin and then 40.0 gm ninhydrin are added to the
contents of the funnel.
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(6) After the hydrindantin and ninhydrin are dissolved, the
nitrogen is shut off and Stopcock # 2 is opened to its three-way
position to bleed the nitrogen pressure. Stopcock # 3 is then
opened fully to drain the contents of the funnel into the bottle
and then closed. Nitrogen is passed through the contents of the
bottle for 20 minutes to mix the reagents.
(7) After complete mixing the nitrogen pressure is reduced
to 1 - 2 psi and Stopcock # 2 is set for nitrogen-to-analyzer.
Stopcock 4 1 is set to connect the ninhydrin reservoir to the
analyzer when an analysis is to be started.
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